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Angular Magnetic Field Beam Improves

Efficiency in Klystrons and Traveling Wave Tubes 
fl
An angular magnetic field produced by tapered 
wedges of high coercivity material like Samarium-Cobalt 
imparts a constant radial velocity to any particle passing 
through it independent of the axial velocity of the 
particle; axial particle trajectories can thereby be focused. 
Special lens shaping allows variation of focusing strength 
with radius. The lens can be either converging or 
diverging depending on the charge of the particles and 
the direction of the angular magnetic field. This type of 
lens will be useful in refocusing the spent beam of a 
klystron or traveling wave tube amplifier where the 
emerging electrons have a wide range of axial velocities. 
This technique and the application of multistage 
axisymmetric depressed collectors should increase the 
efficiency of the electron tubes, now typically 35 to 
45%, to 60 to 8017o. Electrostatic lenses and single-coil, 
magnetic field lenses all have focusing properties which 
are very sensitive to the axial velocity of the beam 
particles (chromatic aberration). The angular magnetic 
field lens, while not free of chromatic aberration (due to 
the fact that not all electrons with the same axial 
velocity are focused at the same plane), imparts a 
constant radial velocity to each particle passing through 
it regardless of its axial velocity.
The permanent magnet version requires no external 
power supply and also allows optimization of the axial 
extent of the angular field by shaping the leading and 
trailing edges of the magnet structure. 
As shown in the figure, the angular magnetic field is 
produced by shaped wedges of high coercive force 
material like Samarium-Cobalt magnetized in the direc-
tion shown. Since the coercive force for this material is 
approximately 8,000 oersted, the total angle 0 occupied 
by the permanent magnet structure is typically quite 
small, and the transmission of the lens will be very 
good. The field strength is given by the approxi-
mate formula
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where pLo is the permeability of free space, Hc is the 
coercive force of the material, and 0 is the angle 
occupied by this material. 
To remove the heat caused by particles that do 
intercept the structure, a set of leading copper wedges 
may be inserted. This would prevent the magnet material 
from overheating and possible loss of its useful prop-
erties. The leading and trailing edges of the permanent 
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Notes: 
Since Samarium-Cobalt is extremely difficult to 
demagnetize and is highly anisotropic, a magnetic 
wedge type lens may be used in combination with an 
ordinary beam focusing coil to allow variation of the 
focal length and more optimum focusing. 
The angular magnetic field lens can find application 
in any case where a constant radial velocity is to be 
impressed on all the particles regardless of their axial 
velocity. This means that the focal length of the lens 
is directly proportional to the axial velocity of the 
particles. For relativistic velocities this proportionality 
must be modified. Since lenses are not perfect, they 
do not have the exact same focal length for all 
particles of the same velocity passing through the 
lens at different points. If the magnetic field does not 
have the proper symmetry, chromatic aberration can 
occur. 
3. There is potential use for this lens in particle 
analyzers, electron beam welding systems, microwave 
tube refocusing systems, and possible display type 
devices where this variation of focal length with 
particle energy can be exploited.
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